Because of the emergence and development of life-cycle assessment (LCA) 
Introduction
Building energy consumption (BEC) [1] is an important index of building energy efficiency, the objective and comprehensive of which is directly related to the design of energy-efficient building. In the traditional efficient design, the study focused on the reduction of operating energy consumption, which reduces total building energy consumption. However, with the emergence and the development of life-cycle assessment (LCA) theory [2] , the community has gradually recognized the needs to evaluate BEC from the perspective of building life cycle (BLC). It is therefore necessary to establish theory and practical methods for the assessment and optimization of Building Life Cycle Energy Consumption (BLCEC).
Although BLCEC is an effective approach to the evaluation of the environmental benefits of buildings, the design of energy-efficient buildings based on the BLC has not been fully realized or applied. The major reason is due to the difficulty of assessing and optimizing BLCEC using traditional technology. There are several causes:  First of all, for traditional methods of BEC calculation and simulation, operating energy consumption is taken as the principal part. There are many problematic aspects, such as excessively detailed data entry, large amounts of duplication of work, easy loss of data, easy insertion of errors, a lack of integration of the energy-saving aspects of design and other aspects, and a lack of effective feedback mechanisms.  Second, it covers different stages of preparation and transportation of building materials, construction, operation, and waste removal in the building's overall life cycle. The assessment of BLCEC involves a lot of data. Traditional methods have difficulties in handling large data and therefore are time-consuming and error-prone.  Finally, there are potential conflicts between the various stages of energy consumption in BLC. For example, using new materials may bring about a significant reduction in BEC. However, this inevitably leads to increased construction costs. The cost benefit consideration makes BLC a multi-objective optimization problem for BLCEC, which involves huge amounts of calculation, processing, and comparison in order to produce the best solution through traditional approach based on manual calculation.
To tackle these challenges, novel uses for BIM technology has been established and among the most popular ones, swarm intelligent algorithms seem to be highly promising.
BIM means "building information model." It is a three-dimensional model based on digital technology and integration of relevant engineering data of any given construction project. Because of BIM's consistency, reusability, open environment, and compatibility with information management systems, it is feasible to use BIM with BLC management. This is currently one of the major directions in BIM development.
Specifically, swarm intelligence algorithms simulate the natural behavior of biological communities to achieve artificial intelligence. It is essentially a kind of adaptive search optimization technology, which have many advantages over traditional optimization algorithms, such as the Newton approach and gradient method [3] [4] , with respect to calculation speed, convergence, and initial value sensitivity in the seeking of optimal solutions to multi-objective problems. For this reason, they have seen widespread use.
A methodology for the assessment and optimization of BLCEC is proposed in this paper. This method is based on the features of BIM and the properties of swarm intelligence algorithms. It also relies on the advantages in information management, simulation, and integration of BIM. An ND model was built to manage BLCEC. Based on the multi-objective optimization capability of swarm intelligence algorithms, global optimization of BLCEC is implemented and an efficient information operation is constructed to give full play to the consistency, reusability, and computability in BIM information.
Related work

Building energy consumption (BEC)
In recent years, many new challenges in BEC have increased due to the development of the concept of life cycle assessment (LCA) and technology life cycle cost analysis. The core idea of LCA is a comprehensive survey on the environmental consequences of a process or product on the entire life cycle from cradle to grave. LCA pays full attention to environmental impact and can trigger the thinking of building life cycle assessment (BLCA). The concept and assessment of BLC were developed in this way. The study of BLCEC is a part of BLCA, and a great effort has been made in this field. For example, Verbeeck expressed a preference for a calculation method that could apply LCA technology to quantitative assessments of buildings' energy consumption [5] . Yan Yuan put forward the model of BLCEC and the optimization algorithm [6, 7] . Gu Daojin gave a comprehensive exposition of BLCA and proposed a BLCA framework [8] .
BIM and ND information model
The history of the development of BIM is only 20 years old, which started in the mid-1980s. It has developed rapidly with computer-aided design (CAD), which contains the efforts on building energy conservation, such as the energy consumption analysis for architecture design with information models, passive design, energy consumption assessment with BIM, and the integration of BIM and LEED [9] [10] [11] [12] [13] . Some studies have indicated that BIM can strike a balance between project costs and energy efficiency in careful designs [14] . ND building information modeling is a hot research topic in BIM. The key technology is the seamless integration of data in various dimensions into a central database, which achieves BLM and removes barriers to information exchange between different parts of the project.
In 1996, a 4D model was proposed by the Center for Integrated Facility Engineering (CIFE), which added the time factor into the 3D model [15] [16] [17] [18] . In China, a research group led by Professor Jianping Zhang proposed the extended 4D construction management model [19] . This group expanded upon existing research and achieved the practical application of 4D simulation in the Beijing National Stadium "Bird's Nest" project [20] .
Intelligence algorithms
Swarm intelligence algorithms were first designed based on existing research into the biological behavior of social animals, such as bees, ants, and geese. Swarm intelligence algorithms are instantiation of artificial intelligence model inspired by intelligent biological communities. Typical algorithms include the ant colony optimization algorithm (ACO) proposed by Dorigo [21] and the particle swarm optimization algorithm (PSO) proposed by Kennedy and Eberhart [22, 23] . ACO has been successfully used in production scheduling, robot path planning, communication, and other multiobjective optimization issues 【24,25】 .
Comments
According to the studies mentioned above, we can make the following summarization:  The theory of BLC put forward new topics and challenges to building energy efficiency.  Because of the advantages of the integration of information and data management, BIM is becoming an effective means of assessing BLCEC.  Swarm intelligence algorithms have advantages in the multiple-objective optimizations issue of BLCEC.
As a result, the assumption of integrated BIM and ant colony algorithms can provide new ideas and approaches to the assessment and optimization of BLCEC.
Overview of integrated methodology
In addition to preliminary studies of the mathematical model of BLCEC and the optimization algorithm, the key components of this paper include the following:  The optimization algorithm of BLCEC In order to optimize BlCEC, a mathematical model must be established to quantify different tradeoffs. This process may involve the use of relevant algorithms.  Multi-dimensional data aggregation in BIM One key problem with the ND model is how to integrate multi-dimensional data in BIM. The database must be designed based on indicator framework to meet the reality demands. These include data type, content, structure, data storage and management, and data exchange with external files.  The integration of BIM and optimization algorithm
In order to achieve global optimization of BLCEC in architectural design in a way that the architect can be used efficiently, we must overcome several challenges, such as the difficulty of sharing data, cumbersome entry work, the difficulty of mastering the interface, and the inability adjust the program adjustments, all of which are caused by the separation between the evaluation of energy consumption and building design modeling in traditional methods. Therefore, the framework of integrated BIM and optimization algorithm is proposed to resolve these problems.
Stage one: research on the indicator framework
The mathematical model of BLCEC and the optimization algorithm were presented in our previous studies [17] . To be self-contained, we give a brief description below.
1.1 Mathematical model of BLCEC
In existing studies, BLCEC is usually divided into five phases: the material preparation phase, material transport phase, construction phase, operational phase, and demolition phrase, which can be expressed in the following mathematic formula:
In order to achieve effective data management of BIM and calculation of the optimization algorithm, the above formula must be translated into the mathematical expressions that are both computable and consistent with components of BIM. This process must ensure that suitable parameters and data can be obtained. In one previous study, a building project was broken down into various components consistent with a 3D information model. The overall energy consumption of different stages was described using the mathematical expression of the consumption of different materials and construction methods. A simplified model is given below: 
Improved pareto ant colony algorithm
The existing ant colony algorithm was improved using mathematical models and optimization objectives of BLCEC, and an improved pareto ant colony algorithm was established. The basic process is illustrated in Figure 1 . More detailed descriptions of the mathematical model of BLCEC and the optimization algorithm are described in author's previous study [7] .
The indicator framework of BLCEC
In order to achieve the ND-information modeling for BLCEC, it must to establish the Correspondence between the mathematical model and building information model. Based on the factors involved in the mathematical model such as physical laws, production and operation mode, various types data are analysis and summarize，and the basic indicator framework of BLCEC is built ( Figure 2 ), which can guide the design of BIM database. 
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Second stage: research on ND-information model
Principle
By creating an open digital information platform, the multi-party management and sharing of building information can be achieved. A creation, sharing, and thinking tool may be offered for professional members. The ultimate goal of BIM was to achieve the BLM through the integrating information of different stages and participating parties, which is also the basic approach taken in the present work.
A 3D-information model is a basic ND-information model, composed of three interrelated primitives, a model primitive, a views primitive, and a comments primitive. These three primitives are interrelated to support data consistency. The model primitive is the core module to build 3D-and NDmodels in which the entity information and other relevant information of all objects can be encapsulated. The model primitive can be divided into basic data and extended data. By increasing the number of extended data, the extension from 3D-model to ND-model can be realized.
Approach
In order to achieve the BIM-based assessment of BLCEC, the relevant data dimensions of energy consumption calculation, such as building materials, energy, time, and costs, should be added to the 3D-model database. The indicator framework proposed in last section can determine the structure of model database. As the requirements of the study become more complex, the dimensions of information model can be extended continuously.
The workflow is as follows:  Define data types, content, and structure. These processes must rely on the mathematical model and the indicator framework.  Data storage and management. These processes must rely on the relationships among energy consumption data.  Data exchange and sharing. These processes require BIM data to be collected by the optimization algorithm.  Data utilization and analysis. These processes must be used in energy assessment and computation.
Third stage: research into integration
In this stage, Industry foundation classes (IFC) plays a decisive role. Though the function module based on IFC, the data in BIM can be called for computation of the intelligence algorithm. Then, the integration of BIM and intelligence algorithms can be achieved.
Note that Industry foundation classes (IFC) is the standard set of BIM data standards. These can describe building product information in all respects and has been accepted by ISO. Thanks to IFC, the BIM system has open features. This ensures the realization of two important issues dealt with this in this paper. The first is the information management of BLC by BIM, and the second is the integration of BIM and intelligence algorithms.
The workflow of the study is shown in Figure 3 . 
Conclusion
Taking earlier research into account, a research framework on the assessment and optimization of BLCEC is proposed in this paper. Through this framework, the feasibility of the integration of BIM with intelligence algorithms and applications in the assessment and optimization of BLCEC was demonstrated in theory. This framework has several advantages:  The mathematical model was designed to be operable, computable, and consistent with BIM for BLCEC. This method can be used to assess and calculate BLCEC and to achieve the multi-objective optimization of building energy.  The indicator framework of building energy consumption was constructed, by which the correspondence between the mathematical model and building information model can be established. Then it's possible to realize the calculation of BLCEC by the information integration of BIM.  The integration of work principle and workflow of the IFC-based integration of BIM with swarm intelligence algorithms was proposed.
The goals of this study are to establish a theoretical and technical foundation for the construction of a BIM-based platform for assessment and design optimization of BLCEC, and to offer development direction for the realization of collaborative architectural and energy-efficient design.
However, the issue is still in the stage of theoretical research. There are lots of practical work need to be developed. In next stage, the research will focus on the following areas:  The design and the construction of database of BIM based on the indicator framework;  IFC-based software modules for the integration of BIM and optimization algorithm;  Case studies and simulations.
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